Background: Induced abortion has been inconsistently associated with breast cancer risk in case-control studies.
ported a history of spontaneous abortions. The hazard ratio for breast cancer among women who had 1 or more induced abortions was 1.01 (95% confidence interval, 0.88-1.17) after adjustment for established breast cancer risk factors; among women with 1 or more spontaneous abortions, the covariate-adjusted hazard ratio was 0.89 (95% confidence interval, 0.78-1.01). The relation between induced abortion and the incidence of breast cancer did not differ materially by number of abortions (P for trend=.98), age at abortion (P for trend=.68), parity (P for interaction=.54), or timing of abortion with respect to a full-term pregnancy (P for interaction=.10).
Conclusion: Among this predominantly premenopausal population, neither induced nor spontaneous abortion was associated with the incidence of breast cancer.
Arch Intern Med. 2007; 167:814-820 A FULL-TERM PREGNANCY BEfore the age of 35 years reduces lifetime risk of breast cancer, 1 possibly by accelerating breast-cell differentiation. An incomplete pregnancy may not result in sufficient differentiation to counter the high levels of pregnancy hormones that may foster proliferation. 2 However, these biological mechanisms are uncertain, and a prematurely terminated pregnancy may not affect breast cancer risk at all.
Induced abortion has been associated with an increased risk of breast cancer in some retrospective case-control studies, whereas no association has been found in studies with information on abortion recorded prospectively. 3, 4 Most epidemiologic studies 3 of spontaneous abortion (miscarriage) and breast cancer have indicated no association. Most epidemiologic evidence on the relation between induced abortion and breast cancer is from retrospective case-control studies, the data on abortion having been gathered from women with breast cancer and healthy controls.
Given the personal and sensitive nature of information on abortion, reporting bias may be different for cases and controls, with case patients being more likely to volunteer this information, leaving case-control studies difficult to interpret. 3 In 2 retrospective cohort studies with prospectively recorded abortion data, registries available in Scandinavian countries were used, and registry data on induced abortion were linked with cancer registry information. In a Swedish study by Lindefors-Harris et al, 5 induced abortion was associated with a reduced risk of breast cancer. In a study 4 that included 1.5 million Danish women, no association was found between induced abortion and breast cancer incidence. Similarly, in 3 prospective case-control studies that used registry information on induced abortion assessed before breast cancer developed, no association or an inverse association between induced abortion and the risk of breast cancer was observed. [6] [7] [8] Registry studies, however, generally do not capture the entire reproductive history of all women included and are unable to control for several breast cancer risk factors, such as age at menarche, menopausal status, body mass index, and alcohol intake. In the 3 prospective cohort studies on postmenopausal women conducted to date, the Iowa Women's Study, 9 the Shanghai Textile Workers Study, 10 and the European Prospective Investigation Into Cancer and Nutrition, 11 information on induced abortion was obtained directly from the participants, and no association between induced abortion and breast cancer incidence was found in these studies. In prospective cohort studies in which abortion information is obtained from the women directly, reproductive history is generally assessed retrospectively at baseline among disease-free women, and participants are followed up prospectively until they develop the outcome of interest. This approach may underestimate abortions, and this nondifferential misclassification may bias the effect estimate toward the null. Furthermore, in all 3 cohorts, information on abortion was assessed only once, at baseline, and was not updated during follow-up, which may add misclassification.
We examined the associations between induced and spontaneous abortion and the incidence of breast cancer among the participants in the Nurses' Health Study II (NHSII). In this cohort, information on induced and spontaneous abortion was updated throughout follow-up.
METHODS

STUDY POPULATION
The NHSII is an ongoing prospective cohort study designed to examine associations between lifestyle factors, reproductive factors, and the occurrence of breast cancer and other major illnesses. In 1989, a total of 116 671 female registered nurses 25 to 42 years of age who were free of cancer (except nonmelanoma skin cancer) and living in 1 of 14 US states responded to a baseline questionnaire. Follow-up questionnaires were mailed biennially, updating information on reproductive factors, lifestyle factors, and newly diagnosed diseases. In 1993, information on induced and spontaneous abortion was first assessed, which represented the baseline for the present analysis. Excluding women who had been diagnosed as having cancer (n = 4065), who did not answer the question on abortion (n=958), or who did not respond in 1993 (n=8955) left a total of 105 716 women to be included. Of these women, 92% were non-Hispanic white. During follow-up, we censored women who were newly diagnosed as having breast cancer, had died, or were lost to follow-up. Women who skipped questionnaires or did not respond to the questions on induced or spontaneous abortion in any given cycle were censored only for those periods. The response rate of our study population in 2003 was 95%. The protocol of this study was approved by the Human Subjects Research Committees of the Brigham and Women's Hospital and the Harvard School of Public Health.
ASCERTAINMENT OF ABORTION
On the 1993 questionnaire, we ascertained spontaneous and induced abortion separately by including the question, "Have you ever had a spontaneous or induced abortion before the sixth month of pregnancy?" The response options, which were separate for spontaneous and induced abortions, included "no," "yes" and, if "yes," at what age(s): younger than 18 years, 18 to 20 years, 21 to 23 years, 24 to 26 years, 27 to 29 years, 30 to 34 years, and 35 years or older. On each subsequent biennial questionnaire, participants were asked whether they had been pregnant in the previous 2-year period and, if they had, whether pregnancies that lasted less than 6 months resulted in miscarriages or induced abortions. Response options provided allowed participants to report miscarriages and induced abortions for each calendar year since the previous questionnaire was sent (questionnaires are mailed in June); response options did not include "no."
Of the 107 721 study participants who returned the 1993 questionnaire, 106 804 (99.1%) answered the question on spontaneous and induced abortion; 16 359 (15.2%) of them reported that they had experienced 1 or more induced abortions, and 22 236 (20.6%) reported 1 or more spontaneous abortions. Among the 105 716 women included in the present analysis, 16 118 (15.2%) reported 1 or more induced abortions and 21 753 (20.6%) reported 1 or more spontaneous abortions. Among all 116 671 women in the NHSII, 115 754 provided information on abortion or miscarriage at least once in follow-up questionnaires between 1993 and 2003. Among them, 16 916 (14.6%) reported ever having had an induced abortion and 25 837 (22.3%) reported ever having had a miscarriage.
RISK FACTORS FOR BREAST CANCER
Data on established or suspected risk factors for breast cancer used for the present analyses were collected in 1989 and on biennial questionnaires through 2003. Date of birth, height, family history of breast cancer, age at menarche, and alcohol consumption were reported on the 1989 questionnaire. Information on weight, history of benign breast cancer, parity, age at first birth, and menopausal status was reported in 1989 and updated with every biennial questionnaire.
ASCERTAINMENT OF BREAST CANCER
At each follow-up cycle, we ask whether breast cancer has been diagnosed and, if so, the date of diagnosis. We routinely search the National Death Index for women who did not respond to the questionnaires. We ask all women who reported breast cancer (or the next of kin for those who have died) for permission to review the relevant medical records and confirm the diagnosis. Self-reported breast cancer was histologically confirmed for 99% of women whose medical records could be obtained. Because the accuracy of participants' reports was extremely high among those whose records were obtained, we included self-reported breast cancer for those whose medical records were not available. We censored cases of carcinoma in situ (n=399) from the primary analyses, but results including in situ cases were comparable to those for invasive cases only.
STATISTICAL ANALYSIS
Our analyses included all women who answered the questions on abortion throughout follow-up between 1993 and 2003. In 1993, some women responded only to the question on induced abortion but omitted the spontaneous abortion question and vice versa. Of the 105 716 women included in this analysis, 28 392 did not answer the question on induced abortion but answered the question on spontaneous abortion; 13 652 of these women indicated that they had a spontaneous abortion. We assumed that the women who answered only half of the question did not answer the other question because of an oversight or because they felt that the question did not apply to them; we thus coded the missing response as "no induced abortion." Similarly, 22 768 women did not answer the question on spontaneous abortion in 1993; of these, 9167 answered that they had an induced abor-tion. We again coded the nonresponses as "no spontaneous abortion." Information on induced and spontaneous abortion was updated biennially; since a response option of "no" was not provided on subsequent questionnaires, a response of "no" was coded for either abortion if "yes" was not marked. We conducted sensitivity analyses of our approach. Results did not change when we excluded nonresponses to half of the 1993 question from the analyses or coded a missing response as "no" only if the other part of the question was answered with "yes."
Hazard ratios (HRs) were calculated using a Cox proportional hazards regression model as the incidence rate of breast cancer among women who had an abortion before the diagnosis of breast cancer relative to the incidence rate of breast cancer among women who did not have an abortion, based on 2-year follow-up cycles. 12 The HRs were adjusted for age (in months), height (continuous in meters), body mass index (BMI) at the age of 18 years (continuous; calculated as weight in kilograms divided by height in meters squared), current BMI (continuous; calculated as weight in kilograms divided by the square of height in meters), family history of breast cancer (binary), history of benign breast disease (binary), age at menarche (Ͻ11, 11, 12, 13, 14, Ն15 years), use of oral contraceptives (never, past and Ͻ5 years, past and Ն5 years, current and Ͻ5 years, current and 5-9 years, current and Ն10 years), parity (nulliparous, 1, 2, 3, Ն4 live births), age at first birth (Յ24, 25-30, Ն31 years), alcohol consumption (none, Ͻ7.5, 7.5-14.9, 15-29.9, Ն30 g/d), physical activity (Ͻ3, 3-8, 9-17, 18-26, 27-41, Ն42 metabolic equivalents per week), menopausal status (premenopausal or postmenopausal), age at menopause (continuous in years), and postmenopausal hormone use (never, past, or current). Analyses were conducted examining the number of abortions, the age at first abortion, and the timing of abortion with respect to a full-term pregnancy. Trend tests were performed using the midpoints of intervals. Analyses were also stratified by parity. Effect modification was assessed by creating the crossproduct terms between indicator variables of abortion categories and each potential effect modifier. We measured the significance of statistical interaction using the likelihood ratio test, comparing a model that included the cross-products that represented interaction terms and the nested model that did not include these terms. Separate analyses were performed for estrogen receptor-positive (ERϩ) and estrogen receptornegative (ER−) and for progesterone receptor-positive (PRϩ) and progesterone receptor-negative (PR−) breast cancer. We used polychotomous logistic regression with 3 outcome categories (ERϩ breast cancer, ER− breast cancer, and no breast cancer or PRϩ breast cancer, PR− breast cancer, and no breast cancer) to evaluate the association between induced and spontaneous abortion and breast cancer subtypes defined by ER and PR status. Likelihood ratio tests with 1 df were used to compare a model with different slopes for each outcome with a model with a common slope. We used 2 tests to obtain 2-sided P values for the likelihood ratio statistics. 13 
RESULTS
This study included 105 716 women 29 to 46 years old at the start of follow-up in 1993. The distribution of risk factors for breast cancer throughout follow-up of the study population according to history of induced or spontaneous abortion is presented in Table 1 . At baseline in 1993, 93% of the study population was premenopausal, and 66% of our study population remained premenopausal throughout follow-up. Women who reported spontaneous abortions were less likely to be nulliparous and had more children than women who did not report spontaneous abortions. Women who reported at least 1 induced abortion were slightly more likely to be nulliparous, to be older at first birth, to have used more oral contraceptives, and to have consumed more alcohol than women without a history of induced abortion.
During 973 437 person-years of follow-up, 1458 newly diagnosed cases of invasive breast cancer were reported. The age-adjusted HR for breast cancer among women who had 1 or more induced abortions was 1.05 (95% confidence interval [CI], 0.91-1.20). Adjustment for birth weight, premature birth, family history of breast cancer, history of benign breast disease, height, BMI at the age of 18 years, current BMI, age at menarche, use of oral contraceptives, parity, age at first birth, alcohol consumption, physical activity, menopausal status, age at menopause, and postmenopausal hormone use did not materially alter the HR (induced abortion: covariate-adjusted HR, 1.01; 95% CI, 0.88-1.17). No trend was observed with the increasing number of induced abortions or with age at first induced abortion ( Table 2 ). Among women with 1 or more spontaneous abortions, the covariate-adjusted HR was 0.89 (95% CI, 0.78-1.01; P for trend=.06 with increasing number of spontaneous abortions) ( Table 2 ). The incidence of breast cancer was lower among women who experienced a first spontaneous abortion before the age of 20 years than among women who had never had a miscarriage, but results were based on small numbers (13 cases of breast cancer among women with spontaneous abortion before the age of 20 years), and no trend emerged for age at first spontaneous abortion (P for trend=.27).
The association between a history of pregnancy termination and breast cancer did not differ by parity sta-tus (P for interaction = .54); no association was found among either nulliparous or parous women ( Table 3) . Among parous women, more women had an induced abortion before (n = 80 333 person-years) than after (n=31 962 person-years) their first birth. The incidence of breast cancer did not differ appreciably among women who had an induced abortion before their first birth, had an induced abortion after their first birth, or had no abortion (P for interaction=.10) (Table 3) . Similarly, the association between spontaneous abortion and breast cancer did not differ by parity status (P for interaction=.10). Few nulliparous women reported a spontaneous abortion. Parous women who reported a spontaneous abortion were twice as likely to experience it after their first birth than before their first birth.
Although the association between induced abortion and ERϩ and ER− breast cancer was similar (P for hetero-geneity=.30), a difference was found in the association between induced abortion and PRϩ and PR− breast cancer (P for heterogeneity=.03). Among parous women, the HRs were 1.58 (95% CI, 1.13-2.20) for PR− breast cancer and 0.80 (95% CI, 0.60-1.05) for PRϩ breast cancer (P for heterogeneity = .002) among women with induced abortion. No other difference was found in the association of induced or spontaneous abortion with breast cancer subtype defined by ER or PR status among nulliparous or parous women ( Table 4) .
COMMENT
A full-term pregnancy before the age of 35 years reduces long-term risk of breast cancer, 1, 14 possibly by inducing breast-cell differentiation. 15 Russo and Russo 2 observed that, in rats, interruption of pregnancy negated the protection pregnancy confers from mammary tu- Abbreviations: CI, confidence interval; HR, hazard ratio. *Adjusted for age, birth weight, premature birth, family history of breast cancer, history of benign breast disease, height, body mass index at the age of 18 years and current body mass index (calculated as weight in kilograms divided by height in meters squared), age at menarche, oral contraceptive use, parity, age at first birth, alcohol consumption, physical activity, menopausal status, age at menopause, and postmenopausal hormone use.
†Covariate-adjusted analyses additionally adjusted for number of induced or spontaneous abortions.
morigenesis, resulting in a risk comparable to that of virgin rats. Russo and Russo hypothesized that the differentiation process during the first trimester might be insufficient to outweigh the effects of increased levels of pregnancy hormones, such as estrogen and progesterone, that enhance breast-cell division. More recently, Russo and colleagues 16, 17 found that placental human chorionic gonadotropin, a hormone that is an important regulator of cellular differentiation and proliferation and that may activate apoptosis, induces the synthesis of inhibin by the mammary epithelium. Bernstein et al 18 observed a reduced risk of breast cancer among women who had received human chorionic gonadotropin injection as part of a weight loss regimen or as a component of infertility treatment. Because levels of human chorionic gonadotropin rise in the early stages of human pregnancy, an incomplete pregnancy of short duration might impart the benefits of a full-term pregnancy and thus reduce the risk of breast cancer.
In this cohort study of young women, we found no association between induced abortion and breast cancer incidence and a suggestion of an inverse association between spontaneous abortion and breast cancer inci-dence during 10 years of follow-up. We observed associations in 2 subgroups, an association between induced abortion and PR− breast cancer and an inverse association between spontaneous abortion before the age of 20 years and breast cancer incidence. Subgroup analyses have to be interpreted cautiously, especially if the strata are small. No obvious mechanisms can be provided for these subgroup findings; thus, chance has to be considered as a possible explanation.
The association between abortion and breast cancer has previously been considered in numerous studies, most of which had a case-control design. 3 Among studies in which induced abortions were considered separately from spontaneous abortions, no association was found in approximately half, and in half an increased risk of breast cancer was observed. 3 No association was found for spontaneous abortion in most studies, including both cohort and case-control studies. 3 When a sensitive personal issue such as induced abortion is studied, underreporting is probable, especially for abortions that occurred before 1973, when abortions were illegal in the United States. Even after the Roe v Wade decision, induced abortions are still stigmatized. Healthy Abbreviations: CI, confidence interval; HR, hazard ratio. *Parity status was updated in the regression analysis at every 2-year interval. Women who did not provide information on parity were excluded from this analysis.
†The HRs and 95% CIs among nulliparous women were adjusted for age, birth weight, premature birth, family history of breast cancer, history of benign breast disease, height, body mass index at the age of 18 years and current body mass index (calculated as weight in kilograms divided by height in meters squared), age at menarche, oral contraceptive use, alcohol consumption, physical activity, menopausal status, age at menopause, and postmenopausal hormone use. The HRs and 95% CIs among parous women were adjusted for the same covariates as among nulliparous women and in addition for parity and age at first birth. ‡Not mutually exclusive (women who had abortions before and after first birth contributed information to both strata). §There were too few spontaneous abortions among nulliparous women to stratify by number of spontaneous abortions.
women interviewed as controls in case-control studies may thus be reluctant to reveal such intimate information in an epidemiologic study, whereas women with breast cancer may be more likely to reveal a history of abortion in a study that is searching for the cause of their illness. Because such differential retrospective reporting would produce a spurious association, retrospective case-control studies that address the issue of induced abortion and breast cancer are problematic. Conversely, a cohort study with data on abortion collected before the diagnosis of cancer might be affected by nondifferential misclassification because of general underreporting of abortion, which would bias the observed effect estimate toward the null. Abortion registry studies might draw from the most objective source of information on induced abortion, but few countries have such registries, and data on potential confounding variables are often unavailable. Moreover, registry studies are usually restricted to a limited period of follow-up and therefore do not capture the entire reproductive his-tory of the women included. For example, a large Danish study included 1.5 million women born between 1935 and 1978, but access to information on induced abortions was limited to the period between 1973 and 1992, and cancer follow-up spanned 1968 to 1992. 4 The complete history of induced abortions might not have been captured for most of the women included, possibly introducing nondifferential misclassification. A general underreporting of induced abortion in a cohort study would most likely lead to an underestimation of the true association. The reported frequency of induced abortion (percentage of women who reported any induced abortion) of 15% among our study participants is similar to that in the European Prospective Investigation Into Cancer and Nutrition (16%) 11 and in the Danish registry study (19%). 4 None of these studies, however, included all reproductive years of the women participating, thus leaving room for misclassification. In our study population, 66% of women were still premeno- Abbreviations: CI, confidence interval; ERϩ, estrogen receptor positive; ER−, estrogen receptor negative; HR, hazard ratio; PRϩ, progesterone receptor positive; PR−, progesterone receptor negative.
*Parity status was updated in the regression analysis at every 2-year interval. The number of women who were nulliparous and reported spontaneous abortions was too small to calculate reasonably stable estimates.
†Cases with ER information and cases with PR information may overlap. ‡The HRs and 95% CIs among nulliparous women were adjusted for age, birth weight, premature birth, family history of breast cancer, history of benign breast disease, height, body mass index at the age of 18 years and current body mass index (calculated as weight in kilograms divided by height in meters squared), age at menarche, oral contraceptive use, alcohol consumption, physical activity, menopausal status, age at menopause, and postmenopausal hormone use. The HRs and 95% CIs among parous women were adjusted for the same covariates as the HRs and 95% CIs among nulliparous women and in addition for parity and age at first birth. §Total number of cases, including 149 ERϩ and 42 ER− (a total of 191 cases with known ER status), and 99 PRϩ and 41 PR− (a total of 140 cases with known PR status) cases. The incidence of breast cancer with corresponding ER/PR status was used when calculating HRs of ERϩ, ER−, PRϩ, and PR− breast cancer.
Total number of cases, including 586 ERϩ and 174 ER− (a total of 760 cases with known ER status), and 413 PRϩ and 172 PR− (a total of 585 cases with known PR status) cases. The incidence of breast cancer with corresponding ER/PR status was used when calculating HRs of ERϩ, ER−, PRϩ, and PR− breast cancer.
¶Total number of cases, including 520 ERϩ and 157 ER− (a total of 677 cases with known ER status), and 362 PRϩ and 169 PR− (a total of 531 cases with known PR status) cases. The incidence of breast cancer with corresponding ER/PR status was used when calculating HRs of ERϩ, ER−, PRϩ, and PR− breast cancer.
pausal at the end of follow-up in 2003; therefore, their reproductive history may still have been incomplete. Women in our cohort were born between 1946 and 1964; therefore, most of their reproductive years were after 1973, when induced abortion was legalized in the United States. However, the oldest members of our cohort where 27 years of age in 1973; thus, pregnancy termination was illegal during part of their reproductive years. Participants in the Iowa Women's Study were aged 42 to 51 years in 1973, and only 1.8% of participants reported an induced abortion. 9 Although comparisons with national figures of abortion are difficult because they are usually generated using a life table approach, the Alan Guttmacher Institute estimates that 1 of 4 US women younger than 45 years has had at least 1 induced abortion. 19 The nurses in our cohort may not be representative of the social classes most likely to use abortion services. Some misclassification, however, cannot be ruled out.
Breast cancer cases in our study population were almost exclusively premenopausal; therefore, our results may not be generalizable to postmenopausal women. However, the positive association previously reported from case-control studies was largely restricted to premenopausal women. 3 The lack of association observed in the large Danish study was consistent across all ages of diagnosis of breast cancer. 2 Although our data are not compatible with any substantial overall relation between induced abortion and breast cancer, we cannot exclude a modest association in subgroups defined by known breast cancer risk factors, timing of abortion, or parity.
In 2003, the National Cancer Institute convened an international expert panel to review and assess the existing evidence on reproductive events and the risk of breast cancer. The summary report of the Early Reproductive Events and Breast Cancer Workshop concluded that according to the existing evidence, induced abortion is not associated with an increase in breast cancer risk. 20 The data from the NHSII provide further evidence of a lack of an important overall association between induced or spontaneous abortions and risk of breast cancer.
